Manure and fertilizer applications can increase soil productivity and land economic values, but the controversial result can be a decline of water quality due to the increased nutrient exports from soils to the streams. The impacts of landuse, manure and fertilizer application on nutrient exports from soils to the streams were analyzed using the SWAT (Soil Water Assessment Tool) model for the Salmon River watershed in south-central British Columbia, Canada. The results showed that the animal farms had the highest rates of nutrient exports from soils to the streams and the natural forested lands had the lowest. It was estimated that the whole Salmon River watershed would export approximately 11.52 t·yr ·yr −1 of SRP export to the streams if 100 kg·ha −1 phosphorus (P 2 O 5 ) fertilizer was applied in spring.
Introduction
The United States and many other countries have rapidly changed their landuse through the conversions of natural forested lands to agriculture and urban lands [1] [2] [3] [4] [5] [6] . This has also occurred in British Columbia (BC), Canada. The quality of stream water generally declines as a result of intensive agricultural management with increasing fertilizer and manure applications [4, [7] [8] [9] [10] . In BC, as in some other provinces of Canada, water from streams and lakes are the main source of water supply. Eighty percent of the population in BC obtains its drinking water from small rivers and lakes while the remaining 20% draws water from large lakes, rivers and aquifers [11] . To investigate the impacts of agriculture on water quality, the environment and community health, Agriculture and Agri-Food Canada (AAFC) initiated a program called the Canada's National Environmental Farm Planning (EFP). The EFP goals include: 1) helping the agricultural industry to identify its impacts on the environment; 2) assuring agricultural resources are managed in a sustainable fashion and 3) helping to brand Canada in the global market as a source of safe, high-quality food produced in an environmentally responsible manner. As a part of this program through Greencover Canada, the national Watershed Evaluation of Beneficial Management Practices (WEBs) program was established in 2004. The WEBs program provides technical supports for agricultural producers, land managers and policy makers for agricultural watersheds. The national WEBs project has been conducted in the nine research watersheds, including the Salmon River watershed, across Canada since 2004. The project focuses on the research of Beneficial Management Practices (BMPs), which is defined as watershed management practices that minimize point and non-point sources of pollutions (e.g. chemicals and bacteria) while maximizing land economic income for farmers [12] . The Salmon River watershed drains into Shuswap Lake at Salmon Arm in south-central BC and is within the Fraser River Basin. Intensive landuses including agriculture with its increased fertilizer and manure applications have resulted in a negative response of water quality that has become a concern for the communities along the river and downstream [13, 14] . The WEBs' study in the Salmon River watershed included field experiment and modeling. The field experiment was designed to evaluate riparian fencing and the supplying of off-stream water for cattle. The impacts of cattle access to the Salmon River were being evaluated by comparing the corresponding water quality data from the reaches along the river that had cattle exclusion fencing and the areas where cattle had direct access and were unfenced. The modeling work provided supports for the field experiment by filling the data gaps that were difficult to measure by field experiment.
The objectives of this study were to: 1) calibrate and validate the SWAT model [15] for the Salmon River watershed; 2) estimate nitrogen and phosphorous exports from different site types to the streams, a site type is an unique combination of a landuse type and a soil type and also called Hydrological Response Unit (HRU) in the SWAT model; 3) analyze the impacts of current landuse changes on the stream nutrient loadings and 4) estimate the stream N and P loadings in response to the different amounts of manure and fertilizer applications.
Materials and Methods

Outline of the Research Procedure
This research used the SWAT model as an analysis tool to determine how landuse, fertilizer and manure application affect nitrogen (N) and phosphorus (P) exports from soils to the stream in each site type or HRU. The research procedure is outlined as the following steps. In step 1, watershed landuse, soil and digital elevation (or called digital elevation model, DEM) data were collected and used to set up the SWAT model and climate date to run the model. In step 2, field measured stream flow, N and P loading data were used to calibrate and validate the SWAT model. In step 3, the calibrated SWAT model was used to estimate N and P export rates from different site types to the streams. In step 4, the SWAT model was used to predict the stream N and P loadings in response to the amounts of fertilizer and manure applications.
Watershed Description
The Salmon River watershed is located at the latitude of 50˚29' north and longitude of 119˚35' west. The river's length is approximately 120 km. The watershed covers around 1500 km 2 . The elevation ranges from 400 to 2100 m above sea level. The Salmon River flows from east to west from its headwaters to Glenemma and from south to north from Glenemma to its outlet at Salmon Arm (Figure 1(a) 3 -5 summer months above 10˚C. The mean annual precipitation is around 300 mm with approximate 50% of the precipitation falling as snow. Substantial growing season moisture deficit is common in summer and frost can occur at any time at the higher elevation.
The Salmon River watershed is a mixed forest and agriculture watershed. Approximately 91.2% of the watershed is forested lands, 8.3% agriculture lands, and remainder 0.5% water ( Table 1, Figure 1(b) ). Forage production, pasture grazing, cattle and poultry farms are the major agricultural activities. The agricultural lands are mostly located at the lower elevations from 400 to 600 m in the valley bottom along the river and forested lands are located above 800 m. Area from 600 to 800 m elevation is characterized by steep slopes and covered with lower density forests and shrubs.
According to the Canadian Soil Classification System [16] , the soils in the watershed consist of 23% of Eluviated Eutric Brunisols (E.EB) located in the elevation from 900 to 1100 m, 24% Eluviated Dystric Brunisols (E.DYB) from 1100 to 1300 m, 19% Orthic Eutric Brunisols (O.EB) from 900 to 1100 m, 15% Orthic 
Outline of the SWAT
The SWAT is a process-based ecosystem model and simulates hydrology and nutrient cycles and transfers from soils to the streams. It operates on GIS platform, spatially at watershed scale, and temporally at daily, monthly and yearly scales [15] . The SWAT model divides a watershed into sub-watersheds according to stream network and watershed elevation. Each sub-watershed is further divided into a series of HRUs. Each HRU is a basic simulation unit. Hydrology, vegetation growth and nutrient cycle are independently simulated for each HRU and then aggregated for the sub-watershed. Outflow water and its associated nutrient exports through surface runoff and lateral flow from each HRU are directly routed to the river reaches.
The hydrology is simulated based on the water balance equation: The SWAT simulates N and P biogeochemical cycling. The three major forms of N in mineral soils are ON associated with humus, mineral forms of N held on the soil colloids and mineral forms of N in the soil solution. Nitrogen is added to the soils by fertilizer and manure application and biological fixation. Nitrogen is removed from the soils by plant uptake, volatilization, denitrification and exports with water through surface runoff, lateral flow and leaching. The SWAT monitors five different pools of N in the soil. Two pools are inorganic forms of N, ammonia-N (NH 4 -N) and NO 3 -N, while the other three pools are ON that includes fresh ON associated with crop residue and microbial biomass, active ON associated with soil humus available to mineralization and stable ON pool associated with the soil humus not available to mineralization.
The three major forms of P in mineral soils are OP associated with humus, insoluble forms of mineral P and plant-available P in soil solution. Phosphorus is added to the soil by chemical fertilizer and manure application. Phosphorus is removed from the soil through plant uptake and the outflow of water by surface runoff, lateral flow and leaching. The SWAT model monitors six different pools of P in the soil. Three pools are inorganic forms of P while the other three pools are organic forms. Fresh OP is associated with crop residue and microbial biomass while the active and stable organic P pools are associated with the soil humus. Like ON associated with humus, OP associated with humus is partitioned into two pools to explain for the variation in the availability of humic substances to mineralization. Soil inorganic P is divided into solution, active and stable pools. The solution pool is in rapid equilibrium with the active pool while the active pool is in slow equilibrium with the stable pool.
The stream nutrient loading mainly comes from soil surface runoff and lateral flow. It is calculated by 1 1
where Nsl is the stream nutrient loading during a time period (kg), represents the rate of nutrient transfer from soil to the stream by soil surface runoff in the HRU i (kg·ha The rate of NO 3 -N transfer from soil to the stream by surface runoff is calculated by 3 
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NO sf is the concentration of NO 3 -N in the soil surface water (kg·mm −1 ), Q sf is the rate of surface runoff (mm·ha −1 ).
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The rate of NO 3 -N transfer from soil to the stream by lateral flow is calculated by
where NO 3lf is the rate of NO 3 -N transfer from soil to the stream by lateral flow during a time period (kg·ha
NO lf is the concentration of NO 3 -N in the soil water (kg·mm
), and Q lf is the lateral flow rate of soil water to the stream (mm·ha
).
It is assumed that soil ON is attached to the soil particles, so the transfer from soil to the stream is along with soil sediments. It is calculated by ), and ε N_sed is a parameter representing the impact of soil particle size on the concentration of ON in the sediments (dimensionless).
The SRP and OP transfers from soils to the streams are calculated similar to NO 3 -N and ON. The detailed theories and mathematical equations that quantify water and nutrient cycling can be found in the SWAT model user manual [15] .
Data Collection
The data required for running the SWAT model were obtained from different sources. The digital elevation model with 1:50,000 of resolution, forest cover and stream network maps were obtained from the Natural Resource Canada. The agriculture landuse map was obtained from the BC Ministry of Agriculture and Lands, Canada. The map of soil type distribution and soil properties of each soil type were obtained from the Canadian Soil Information System managed by Agriculture and Agri-Food Canada. Climate conditions were recorded at the weather station near Salmon Arm by Environment Canada and the data were obtained from the National Climate Data and Information Archive of Environment Canada. Stream flow and water quality were monitored at a number of locations along the Salmon River from its headwaters near McInnis down to the outlet near Salmon Arm by the bridge at the Highway 1 by the British Columbia and Yukon Environmental Monitoring Networks of Environment Canada (Figure 1(a) ). Climate, stream discharge and water quality data covered the period from 1996 to 2006.
SWAT Model Set up, Calibration and Validation
The SWAT model set up: The model was set up by: 1) loading the DEM and stream network GIS map files into the SWAT model; 2) delineating the Salmon River watershed into sub-watersheds according to the DEM and stream network; 3) overlaying landuse and soil GIS map files into each sub-watershed to determine the HRUs; 4) setting up initial soil chemical and physical properties for each HRU and 5) setting up current management conditions for each HRU, including tillage method, the time and amount of fertilizer and manure application, irrigation time and amount of water and the starting and ending time of cattle grazing on the pasture lands. The current watershed management conditions were summarized as: 1) Cattle farms (CattleF, see Table 1 for landuse classification) have cattle or large animals on farms from October to the end of next May and produce 50 kg·ha for cattle manure and 26 kg·t −1 for poultry manure. The Salmon River watershed was divided into 33 sub-watersheds and 34 HRUs (Figure 1(b) ). The initial conditions of soil physical and chemical properties were summarized in Table 2 . The temperature and precipitation data that drive the model are shown in Figure 2 .
The SWAT model calibration and validation: The SWAT model was calibrated and validated using the field data collected from the sites at the Highway 1 Bridge, Glenemma, Falkland, and McInnis (Figure 1(a) ). A standard split sample calibration-validation procedure was used for the SWAT model calibration and validation in this study [17] [18] [19] . The SWAT model was calibrated using the field data from 1996 to 2000 and validated using the field data from 2001 to 2006. The calibration followed the standard procedures described in the user's manual [15] by first calibrating hydrology and then nutrients. The hydrology was first calibrated for annual stream flows and then shifted to monthly stream flows by 1) adjusting the runoff curve numbers that are used to determine surface runoff amount according to precipitation for each HRU until surface runoff is acceptable, 2) then calibrating subsurface flows by adjusting the parameters that control the water exchange between soil zone and groundwater according to the measured and simulated values of stream base flows and 3) last calibrating temporal stream flows by adjusting the parameters controlling the rate of snow accumulation and melt. The stream nutrient loadings were calibrated by 1) verifying the initial concentrations of nutrients in the soils, the amount of fertilizer applications and tillage operations and 2) adjusting the parameters controlling nutrient biogeochemical cycles until the simulated and field measured stream nutrient loadings match well. The model performance was evaluated by the Nash-Sutcliffe coefficient of efficiency (COE). The COE is calculated using the model simulated and measured stream flows, N and P loadings from 1996 to 2000 for calibrations and from 2001 to 2006 for validations [20] . The COE is commonly used in the evaluation of process-based models regarding time series data [21, 22] and is mathematially expressed as c 
where O is the mean of the measured values, P i and O i are the predicted and observed values, respectively, and n is the number of values considered. A zero value for the COE indicates that the model predictions represent the average value of the observations. A negative value for the COE indicates that the variance between model predictions and observations is larger than the variance of observations itself and the COE is then inferior to the average. In contrast, a value between 0 and 1 for the COE indicates that the model prediction is closer to the observations than the average. The COE is then superior 
Estimations of N and P Exports from Different Site Types to the Streams and in Response to the Amounts of Fertilizer and Manure Application
The nutrient exports from each site type to the stream were analyzed based on the Equations (2)-(5). The analyses of N and P exports to the streams from different site types in response to the amounts of fertilizer application and manure deposition by grazing cattle were carried out on three scenarios of fertilizer application and three scenarios of manure deposition using the calibrated and validated SWAT model. The three scenarios of fertilizer application are that 50, 100 and 150 kg·ha −1 ·yr −1 of nitrogen (NH 4 NO 3 ) and phosphorus (P 2 O 5 ) fertilizer, respectively, are applied to the hay production lands at the beginning of growing season in May. The three scenarios of manure deposition are that the grazing cattle deposit 50, 100, 150 kg·ha −1 ·day −1 of fresh manure on pasture lands during the grazing season from later spring to later fall. The SWAT model was then reset to the three fertilizer and manure application amounts after it was calibrated and validated. The SWAT was run again under the reset fertilizer and manure application amounts and its outputs were used to estimate the stream nutrient loadings in response to the different amounts of fertilizer and manure application.
Results
Model Calibration and Validation Results
Using the COE values to evaluate the SWAT model performance based on the calibration and validation on monthly time step, the results showed that the COE values ranged from 0.62 to 0.87 for the calibration and from 0.61 to 0.88 for the validation ( Table 3 [21] and Meixner et al. [22] , the SWAT model was well calibrated and validated. So the SWAT model was reliable to be used in predicting N and P exports from different site types and in response to the amounts of manure and fertilizer application in the Salmon River watershed.
Nitrogen and P Exports from Different Site Types
The ON, NO 3 -N, OP and SRP exports from different site types (or HRUs) to the streams were predicted by the SWAT model based on the Equations (2)- (5) and summarized in Table 4 . The results showed that the current mean annual ON export from different site types to the streams, weighted by the areas of each landuse and soil cover, was 0.54 kg·ha . The landuses such as vegetation and pasture had the medium rates of ON exports to the streams.
The average of annual NO 3 -N exports from different site types to the streams was 0.15 kg·ha 
Nitrogen and P Export Rates in Response to the Amounts of Manure Deposition
The analysis of N and P exports from pasture grazing lands to the streams in response to the amounts of fresh manure deposited by grazing cattle was carried out using the SWAT model according to the three amounts of manure deposition described in Section 2.6. The results are shown in Table 5 . The SWAT model predicted that N and P exports from the pasture grazing lands to the streams increase as the manure deposition increases. The mean annual ON export to the stream increases 1.53 kg·ha −1 ·yr −1 ranging from 0.04 to 3.50 kg·ha −1 ·yr −1 , NO 3 -N 0.12 kg·ha of fresh manure deposition from grazing cows during grazing season from later spring to later fall. The mean annual ON export to the stream increases 2.57 kg·ha in response to a daily 150 kg·ha −1 of fresh manure deposition during grazing season. Although the manure depo-sition on the pasture lands during grazing season increases stream N and P loading, it does not reach significant level.
Nitrogen and P Export Rates in Response to the Amounts of Fertilizer Application
The SWAT model predicted that the increasing fertilizer application in hay production lands can increase nutrient exports to the streams ( 
Discussions
Impacts of Current Landuse Changes on the Stream N and P Loadings
To analyze the impacts of current landsue changes on N and P exports to the stream in a watershed, it is needed to construct the base case of landuse, which is defined as the natural lands without human disturbances. The natural vegetation lands such as forest and shrub lands were treated as natural lands and their nutrient exports were treated as the base case in the Salmon River watershed. The differences of N and P exports between current landuse and base case were used to assess the impacts of current agriculture and animal farming on N and P exports to the streams. By converting current agriculture and animal farm lands into forest and shrub lands, the whole Salmon River watershed was covered by 82.57% of forests, 16.90% of low density forest and shrub and 0.53% of water for the base case according to 
Uncertainties in This Study
This study used the SWAT model in 1) determining the rates of N and P export from the different site types or HRUs to the streams and 2) analyzing the stream nutrient loading in response to the landuse changes and the amounts of manure and fertilizer application in the Salmon River watershed after the model was calibrated and validated.
Although the SWAT model simulated stream flows and nutrient loadings well, there are still a number of uncertainties in this study. Table 1 and Figure  1(b) ), the natural forests cover the majority of the land in the Salmon River watershed. Therefore it can be assumed that the uncertainty from landuse information affected the accuracy of the SWAT model simulation, but not at a significant level.
Second, an uncertainty originates from the SWAT model's routing procedure. The SWAT model divides a watershed into sub-watersheds and then into the HRUs [15] . Hydrology and nutrient cycling were separately simulated for each HRU. The water and associated nutrient transfers from surface runoff and lateral flow to the streams were directly routed from each HRU to the river's reach and not through adjacent HRUs towards the reach. The movements and interactions of water and N and P between different HRUs were therefore not taken into account in the model. In many cases, some N and P exported from a HRU may be absorbed by another HRU when they transfer through them, especially in properly functioning buffer strips [23, 24] .
Third, the rates of N and P exports from fertilizer and manure applications are annual-based calculations, so that proper time management of fertilizer and manure applications may change the rates of N and P exports. For example, an application of fertilizer and manure during the flooding season would increase more nutrient exports to the streams [25] . Changes in nutrient exports are also subject to the changes of the weather conditions, especially to the precipitation in the watershed. An application of fertilizer or manure during the growing season may reduce nutrient exports because of nutrients uptake by plant growth. The amount of fertilizer and manure applied each time may also affect nutrient exports. The same amount of annul fertilizer application may produce a different nutrient export rate if it is applied many times during growing season.
Conclusions
The SWAT model was calibrated and validated, spatially using stream flow and N and P export data collected from four sites along the Salmon River from its headwaters at McInnis to the outlet at Highway 1 Bridge and temporally using monthly data from 1996 to 2006. The results of calibration and validation showed that the SWAT simulated the field measured stream flows, N and P loadings well. ·yr −1 for the whole Salmon River watershed. Poultry farms had the highest ON export rate while low density forest and shrub lands had the lowest according to the SWAT model predictions. The cattle farms had the second high ON export rate. The lands producing hay had the highest NO 3 -N export rate and the regenerated forest lands had the lowest. The vegetable lands exported the highest OP to the streams and the forested lands exported the lowest. The cattle farms exported the highest SRP to the streams and the forested lands exported the lowest.
The SWAT model predicted that manure deposition by grazing cows from spring to fall increases stream nutrient loadings. A daily 100 kg·ha −1 of fresh manure deposition during grazing season increases 2.57 kg·ha 
